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COMPUTER—AIDED ANALYSIS OF REX EFFECTS IN INTEGRATED CIRCUITS

J. J. Whalen and J. Tront C. E. Laraon and J. N. Roe
Department of Electrical Engineering Electromagnetic Compatibility Department
State University of New York at Buffalo McDonnell Douglas Astronautics Company

Buffalo, New Yurk 14226 Saint Louis, Missouri 63116

Summa ry This paper is organized in the following manner.
In the next section the SPICE simulation procedure using

A computer—aided analysis procedure based upon a the modified Ebers—Noll model La described. In Section
modified Ebers—Holl transistor model is used to predict UI the SPICE simulation results for the 7400 HAND gate
Rfl effects in bipolar integrated circuits (IC’s). The type variation investigation are presented. In Section
procedure is applied to a digital IC to determine the IV the worst case analysis procedure is described.
RE power levels that cause several ~ 4 susceptibility Section V is the conclusion.
thresholds to be exceeded.

Syilam Oetss Endcwm (Ski.)
I. Introduction

The modified Ebers—Moll model for a bipolar junc  
________

-

tion transistor has been developed for predicting UI 

~ L .R~~1d J
effects in bipolar integrated circuits)~

3 In this ________________

paper it will be shown that the modified Ebers-.Moll ~~~~~ 
~~~~~~~~~~~ 

~~~{5h11P111 1

modal can be used with electronic circuit analysis
programs such as SPICE (Simulation Program with Inte—
grated Circuit Emphasis) to provide useful information __________________________________
about REt effects in digital bipolar integrated

___________ 
FMR

circuits.4 __________

(W/N’)
The basic situation of interest is illustrated

in Fig. 1. Electromagnetic Radiation (EMIt) incident
upon a system outer enclosure (skin) is coupled through ‘..,.. ~~...,
apertures in the skin to the system interior. The in-
terior EM fields induce RE voltages on the system ca— I mmsIt.~ j
ble.. The RE voltages are conducted to semiconductor
devices such as integrated circuits (IC’s) located
inside electronic equipment. The PS voltages can cause Fig. 1 Basic situation of interest. EMIt incident
RFI effects in IC’s. The example discussed in this unon the system outer enclosure (skin) is coupled
paper is illustrated in Fig. 2. The RE voltage in— through skin apertures to the system interior.
duced on a system cable is modeled by the Thevenin The internal EM fields induce RF voltages on the
equivalent voltage source VCEN with impedance RGEN. system cables. These RF voltages are conducted
The bipolar IC is a 7400 NAND gate (a widely used i~m 

to semiconductor devices such as integrated cir-
device). The specific case simulated is the one in cuits located inside electronic equinment. The
which both NAND gate input voltages are high and the RF voltages can cause PSI effects in integrated
h AND gate output voltage is low in the absence of RE Circuits.
injection. The RE is injec&ed into the output terminal II. SPICE Simulation Procedure
because previous experimental and analytical investiga-
tions have demonstrated that this case exhibits EM The electronic circuit analysis program SPICE was
susceptibility effects at lower RE power levels than developed specifically for analyzing IC’. and has been

other cages, used to predict normal IC operation quite successfully.4

The phrsse”normal. IC operation” is used to denote IC
Iwo examples have been selected to illustrate how operation in an ideal environment in which no R1’I sig—

computer—aided analysis can yield useful information nals are present. Unfortunately such ideal environ—
on REX aftects in integrated circuits. In the first ments do not exist everywhere, and IC’s must often be
example three types of 7400 HAND gates are simulated operated in environments where strong RET signals exist.
using the computer program SPICE. These HAND gates The simulation program SPICE can also be used to predict
are the standard 7400 series, the high speed 74)100 the effects of UI upon IC operation using the proce—
series , and the low power 74L00 series. In the second dures described in this section. An important point is
example a worst case analysis procedure is described that no change in an existing SPICE program coda is
which 1 quite straight—forward. The procedure La used necessary. Standard SPICE models can be used for all
to perfarm worst case analyses for an PS perturbed IC components not affected by REt. The transistors in-.
1400 NAND gate when the Theventh equivalent RE source to which Rh’ is injected are modeled using the modified
itnpedw.ce RGEN is not known spriori. Ebers—Moll model described in the previous paper.1 The

modified Ebers—Mol l model is implemented by using the
*This paper reports on an integrated circuit electro— 

.
~~‘ The mainexternal model function available in SPICEmagnetic susceptibility investigation sponsored by the

U.S. Naval Surface Weapons Center , Dahigren Laboratory steps in the procedure used will be described for the

under Contract No. N6092l—?6—C—AO~O. 
7400 HAND gate. Similar procedures can be applied to
other cases where Rh’ is injected into the terminal, of
a small—scale bipolar IC.
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I Fig. 3 Schematic diagram of a 7400 NAND gate withI “ I external connecti ons. Node numbers used inL_ _ _ _ _ _ _ _ _ ±~~~~_~~~ SPICE simulations are shown .

Fig. 2 Schematic illustrating RF signals being
coupled into 7400 NANII gate output.

The 7400 bipolar RAND gate was the IC selected 1 . ISCC ’

for the initial SPICE simulations because it is a 
~~~)~~ IVIE

widely used digital IC and because its EM susceptibility
properties have been extensively measured and reported t ®  I
have indicated that 7400 HAND gate operation can be
upon.5”7 The results of these previous investigations I
affected significantly by Rh’ injected into several of ‘~~~~~

‘0,

~~
its terminals. However, the most susceptible case is W

~-L~

(F 

•
the one illustrated in Fig. 2 in which Rh’ is injected
into the output terminal when the normal output voltage 

~~ iVOUI’ is low (VOVT <0.4 V). The output voltage is low
when both input voltages VIN are high (VIH’2.0 V). ( 5~5) ISAC

When both 7400 HAND gate input terminals are high , the
RE injected into the output terminal can cause the out—

~ISCE
put voltage to change from its normal low value (VOUT
< 0.4 V) to an RE induced higher value (V0UT~~0.8 V).
This is the situation that has been simulated using
the computer program SPICE. It should also be noted
that most members of the 74XX ‘IlL family have essen—
ttaii7iãentical output circuitry and that the results Fig. 4 Mndificd Ebers-Moll model in an external
obtained for the 7400 HAND gate should also be appli- model configuration for gPICE simulations. Node
cable to other 14XX IC’s. numbers used in SPICE simulations are shown.

Shown in Fig. 3 is a circuit schematic diagrau
of a 1400 NAX4D gate with external connections. ~~~ 

available.8 Although this information is presented in

7400 RAND gate includes four resistors (Rl—R4) , four a format for use with the electronic circuit analysis

transistors (Tl—T4), and three diodes (Dl—D3). The program SCEPTRE, it can be readily converted to the

dual emitter transistor Tl will be modeled by a single forma t used in the program SPICE. The resulting SPICE

emitter transistor, and the diodes Dl and D2 will be parameter values ate Riven in Table I for the diodes

modeled as a single diode DIN. Previous analyses have and transistors in the 7400 NAND gate. These parameter

shown that when Rh’ is injected into the 7400 NAND gate values are entered as data tor a SPICE mulati.,n . (See

output (as shown in Fig. 2) that the RE interference 
Table AZ in the Appendix for an example of data for a

can be accounted for by assuming that all the incident SPICE simulation of an RE perturbed 7400 NP.ND gate).

RE power is absorbed in the output transistor T4. Thus
in this paper only the case in which the transistor T4 Also given in Table I for the 1400 N’~ND gate

result is that the standard component models available values which do not depend upon the RE power. Theabsorbs all the incident RE power is considered . One transistor s are the modified Ehers—M oll model parametc-r

in SPICE can be used for all 7400 HAND gate components transistor TA into which all the RE 1~ower is a-’umed

except the translator T4. The transistor T4 is modeled injected is moJeled *i’in~ the m odified F.hnrs—Moll model

using the modified Ebers—Moll model shown in Fig. 4. shown in Fig. ... The w’dif~.c’d Ebers—Holi modal is in-
corporated in the SI. ~~ data cards as an external model

The first step in the simulation procedure in— as shown in Table Al in t :~e Appendix. (For a detailed
volves determining the 7400 RAND gate parameters re- description on using .~xt e&~’.al models in the program
quired to simulate its normal (no RFI) operation. SP TCE , see the SPICE user ’s manual) .4 To implement
Values for the resistors Rl—R4 are available on Isanu— the current—dependent current sources IAFIE and IARICp faccurer ’s data sheets but values for the diode and in the nodifie~ )ibers—Mc fl model, 1 0 current sensing 0
transistor parameters are nor . If no information on resistors RESENSE and RCSLN~ I. are p laced in the emitter othe 7400 HAND gate diode and transistor parameter. and collector circuit as shown in Fig. 4. The current
were available , the SPICE default or typical values source~. LAFTE
would have been used.

4 Fortunately, at least one 
m d  I,~KlC ~°R

tR~ 
are made to depend

source of information on 7400 NAI4D gate parameters is upon the volts,;e d~~n~ VIZ V13 and V12 — Vii across
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TABLE! TABLE ]!
Diode and Transistor Parameter ~ $ues 

~~~~ ~ 1uu for 7400 NAND Gate Type ~ riations
for the 7400 NAND Gate

~~~~~ 
~~~j~~ej  740° Fen. 7400$ Fan- NOOL Fin-

Nwne F.JU.sIs. Oswiplis, DiN D3 
(km .~ - 

_sut let

PS Otxmic Ranj, tenee tLi) 60 30 
— — —IS Saturation Cmaxsnt (pA) 100 5 ~

,43 — 0.70 — 20 —
“ sislsfb~~ si... ~ 0.416 — 0.446 — 0.446 —

Ness 
- Ftjumeiser Dsscriphsp TI 72 73 T4 ~~~ 106 — 4.06 — 42 —

~ Forward Beta (IF) .316 19.8 47.2 21.7au Rr.,vw Bile ($R) .0024 .060 .082 .406 ~•J~ 438 I 2.80 1 40 I
RB Base Ohmic Besislance (A) 68 75 70 80 RU. 0.30 IS 028 10 4 40
IS Sat~~~on Current (pA) .5 3 8 20
AF’ Forward Alpha (oF) .24 .952 .945 .955
AR. R.wrs. Alpha taR) .0024 .057 .076 .0955 resistance. Ri—R4 shown in Fig. ~~. The resistanceIES’ Emitter Diode Sat. Cmwrsnl (PA) 2 3 8 20 values are given in Table II. The thres WAND gate typesICS’ C H.ctor Diode Sot Cwvmm~ (PA) 200 50 40° 200 hay. th. same output stage, but th. resistance ii in the
Pumam .te mad . ~~~~ ~~~~~ inpu t stags varies. The variation in th. value for Li

manifes ts itself in th. value of the resistor iLL rs—
quired to simulate differ ent fanou t values. Th. values

the resistor. RESENSE and RCSENSE respectively , The of iLL required to give a low fanout (F — 1) end a high
result is that IAFIE — Al (Vii — V13) and . IARI C • AR. f anout (P — 10 or 15) are also given in Tabis II.
(Vl 2 — Vii) where the value . for A? (n,) and AR (as)

To use the simulat ion progra m SPICE to calculate
are given in Table I. The diodes DEl and DE2 both have the effects RE injected into the HAND gate output mill
the saturation current IR S and the diodes DCL and DC2
both have the saturation cur rent ICS given in Table I. 

have upon RAND gate operation , the procedure described
in the previous section ii applied. The standard SPICE
models are used for all RAND gate component, except the

Also shown in Pig. 4 is a dc voltage source with transistor T4. The transistor T4 is modeled by the
a voltage equal to the amplitud , of VCEN of the Thevenin modified Ebers—Moll model. Thi. model contains two RI
equivalent Rh’ source shown in Fig. 2. The dc voltage induced de current generators ISCE and ISCC which depend
source controls the voltage Vi6—V20 which controls the
RI induced dc current generators ISCE and ISCC. The 

upon the value of the Thevenin equivalent RI generator

exact relationship between 15CR and 18CC and VGEN must voltage amplitude VCEN:2

be determined by the user. Tvo different procedures
for relating ISCE and ISCC to VCEN viii be described in ISCE (KE/RGE)VCEN (3)
the next two sectioni. (Similar statements apply to the
Rh’ induced resistors RGR and icc.) Ny causing PORN to ISCC — (XC/RGC)VCEN (4)
vary over an appropriate rang. of vaiu .s, the values
for ISCE and ISCC are made to vary also. To determine The parameter values for ICE, ICC, RCE, and RCC were
the appropriate range of values for VCEN th. relation— determined experimentally at 220 HIts for a 2N2369A NPN
ship transistor which is believed to be similar to the out-

put transistor ‘14 in the 7400 RAND gates. The values
PINC — VGEN2/8RCF.N (1) determined are RE — 0.12, ICC — 0.72, icE — 180 0, iCC

— 190 0, KE/RGE — 0.067 mu, and KC/RCC 3.79 mu. The
ratio. (KE/RCE) and (ICC/icC) are effectively transcon—

• is used where PINC is the RI power incident upon the ductances which relate the RI induced dependent current
7400 RAND gate. The value for PINC is aasu.ed to be generators ISCE and ISCC to the control voltage VCEN.
equal to the maximum available pow.r f  ram a Thevenin (See SPICE data given in Table Al in the Appendix).
equivalent Rh’ aource of seplitude VGEM and impedance The control voltage VGEN is related to the RI incident
RCEN. This may be viewed as a worst caae assump tion. power PINC by Eq. (2) when RCEN — 50 0. Varying VGEN
When ~~~~ is 50 0, Equation (1) may be written as over the range 0.2 to 20 V correspond. to varying PINC

over the range —10 to +30 dl..

VC.EM — (400 PIIIC)0 5  (2)  Shown in Fig. 5 are the predicted values of the
WAND gate output voltage VOUT plotted versus the Rh’
incident power PINC. The plots shown in Fig. 5 in-
dicate the relative Dl susceptibility of the three

In the next two se~tjons the SPICE simulation 
WAND gate type. with low (F 1) and igh (F — 10 or

procedure described in this section viii be applied to 15) fanoute . When no Rh’ power it applied, the output

determine the relative EM susceptibility of various voltage VOUT is low (approximately 0.1 V) . As the RE
7400 NAI4D gate types (Section III) and to perform a power increases , the VOUT values increase. The selec—
worst case analysis when the RI Thevenin equivalent tion of EM susceptibility threshold levels at which an
source impedance RCEN is not known apriori (Section Iv). RF induced malfunction is said to occur is one of the

important decisions that an EMC engineer must make.
III. EM Susceptibility of the WAND Gate Types ’ An EM susceptibility threshold level of VOUT — 0.8 V

1400. 74(400. 74L00 corresponds to the upper allowed voltage value that a
subsequent stag. is guaranteed to recognize as a low

Three types of 7400 RAND gates have been investi— state input. The value VOUT — 2.0 V corresponds to a

gated to determine their relative susceptibility to Rh’!. VOUT value certain to be recognized es a high state
These are the normal 7400 series , th. high speed 741100 (rather than a low state) bj a subsequent WAND gate in—

series, ~nd the low paver 74L00 series. These three put. The velues of RE power which cause these two Dl

RAND gate series use different values for the internal threshold levels to be exceeded are given in Table III.
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Fig. 5 SPICE simulation values of the output PINC (dBm)

voltage VOUT vs. the incident RF power PINC for -

three 7400 NAND gate types with different fanouts.
EN susceptibility thresholds at VOilE ~quai to 0.8 Pig. 6 SPICE simulation values of the power supply

and 2.0 V ar. shown. current ICC vs. the incident RF power PINC for three
7400 NAN D gate types with different ~anouts.

TABLE IU levels less than +20 dIm that little change occurs in

~k~)ues of RF Power Which Cause EM Susceptibilit the power supply current ICC. However , by referring to
Y Figure 5 it is observed that for an Rh’ incident power

Criteria To Be Exceeded for Three 7400 NAND Gate Types level equal to +20 dIm that the NM~ gate output vol—

i~ipe at act, ~ • IC!. 
tage VOUT exceeds 3.5 V for all RAND gate types. Thus

__________________________________________________ it is believed that in almost all application, the in—
SPICE’ Ezp.~ SP~ E’ E~p~ 

crease in 7400 WAND gate output voltage VOUT will cause
P1(dSat) P5(d&w) ~ (dBm) 

p5f~~~) circuit malfunctions at lower values of PINC (+4 to +
12 dIm) than the values of PI&C( + 20 dlm) required to

7400L(F.10) 4.4 13.4 cause increases in the power supply current ICC.
7400L(F~1) 5.4 14.0
7400 (Fu15) 7.6 6.0 14.5 145 IV. A Worst Case Simulation Procedure
7400 (F’i) 9.0 14.8
7400(4 (F’ 10) II 2 46.0 In the previous section the impedance of the RI
7400H(F’ 1) 12.2 46.5 generator connected to the 7400 WAND gate was assumed

_____________________________________________ to be 50 (2 . The main reanon for making tht. assumption
WWs sf Widv4 RF p,,s, was to permit a comparison of SPICE simulation results

Sit (s). to the available experimental results which mere ob-.
~~~MitW’dSII RF Pma, ,ueId b. Pai5Irm tam ed by injecting RE power into a 7400 HARD gate from

an Rh’ generator with S00internal imoedance. In an
actual Rh’! environment (as opposed to a laboratory en-
vironment) EM fields incident upon an electronic system
will be coupled througn the electronic system enclosure

The SPICE simulation results presented in Table to the interior. (See Fig. 1.) The £14 field s inside
III indicate that the low power 74L00 series RAND gates the electronic system enclosure mill induce Rh’ voltages
are the moat susceptible to Rh’! and that the high speed and currents on the wires connected to IC’s. The ICY
74(400 series WAND gates are the least susceptible to voltages induced on the wires can be represented by a
Rh’I. For each HAND gate type the f snout value has a Thevenin equivalent voltage source of amplitude VCEN
small effect (less than 2 dl) upon the Rh’ power re— and impedance RCEN. In general the impedance ICCEN will
qutred to cause the two £14 susceptibility threshold not be SO f lb ut can be expect ed to lie in the range 5 to
levels to be exceeded. Also given in Table UI are 5000 0. The objective of this section is to describe a
experimental values for the absorbed RF power required generalized worst case analysis procedure which can be
to cause the 7400 RAND gate series output voltage VOilE used in the situation in which the RE Thevenin equiva—
to exceed the two Eli susceptibility threshold levels.

6 lent source impedance RGEN is not known apriori.
These experimental values are in good agreement wi th
the values predicted by the SPICE simulations. This The generalized worst case analysis procedure to

• agreement ipdicates that the modified Ebets—Moll model be described uses the modified Ebers—Moll model shown
can be used in an electronic circuit analysis program in Fig. 4. Recall that this model contains two dc cur—
such as SPICE to predict Rh’! effects in digital bi— rent generators ISCE and 15CC and two resistors which

polar IC’ s quit e well, depend upon the RE power incident upon the transistor
being modeled. The method used to assign values to

Plotted in FIg. 6 are the predicted values of these four parameters d i f f e r s  from that used in the
the RAND gate power supply current ICC versus the Rh’ previous section. The new method used to assign values
incident  power PINC. I t  it ; observed that  for Rh’ power to ISCE , ISCC, icE, and icC I. quite genera l and appears

67
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a‘weti—autted tot worst case analyses. A. discussed in 4.0 gp P,r$urbid 7400 NAND Got., a ~the previous paper the modified Ebers—Moll model shown 0
in Fig, 4 for a bipolar junction transistor (liT) re— 0 

~~stables the standard Eber s—Noll model with the standard 35 ~~~~~~~~~~~~~~ ~ • ~ 
~eollector—baee diod e DC1 shunted by the RI induced corn— WIts - H4 1 C

ponent s DC2, RCC , and ISCC and with the standard emitter Fesu)-l5 
~ 

o ~ ~base diod e DEl shunted by the Rh ’ induced components DE2 
C : t IiCE , and ISCE. The diode DC2 is identical to the d~.ode 

~ C a g I
DCI , and the diode DE2 i. identical to the diode DEl. o 0 R

I C O A tThe specific case being simulated is a 7400 WARD gate 25  v a
with RF power injected into its output terminal which ‘j V 0 C e g g

0is connected internally to the collector of the tram- • 
C
at!

into the collector of a 337 with the specified external C

eistor T4 as shown in Fig. 3. For Rh’ power injected . 1V C

(to the transistor) bias and load conditions, the worst V O C  0
case simulation results are obtained when all the RF 1.5 

C
power is assumed to go into the collector—base junction •o 0 66 0 6 / A U  10with no Rh’ power going into the emitter—base junction. o ~ ~ 6

6 30Since the emitter—base junction is assumed to absorb 
~ 0

66 000 x 13 50
zero RE power , the values ISCE — 0 and RGE — ~ are ~ °A~~~O 0 14 100

V 45 100assigned to the emitter base junction parameter.. (The .5 8 o C 46 500
SPICE data cards for these circuit elements are omitted.) 0 Z 17 1k
Since the collector—base junction is assumed to absorb I s 4$ 2k

C 1$ 5k
all the RI power, the values assigned to the collector— • 

~ 3 
• 

+20 +30base junction parameters are ISCC — VCEN/RGEN and ICC — PINC (dBm)
RCEN. As discussed in the previous paper this assign—
meat over—estimates the dc rectified current produced

• in a diode connected to an RI source of amplitude VGEN

and impedance RGEN.’ This is the main reason that the

procedure being described is called a worst case anal— Fig. 7 SPICE simulation values of VOl.11 for a 7400 NAJID
ysis procedure. These assignments are summarized gate vs. PINC. The Rh’ Thevenin source impedance RCEN

is varied from S to 5000 51.below:

RCE - . (5)

ISCE 0 (6)
RCC — RCEN (7)

ISCC VGEN/RGEN (8) Shown in Fig. 8 are the values of PINC required
to cause VO1JT for a 7400 HAND gate to exceed the three

To relate the RE generator voltage amplitude VCEN selected EM suscept ibility criteria plotted versus the
to the incident PS power PINC, Equation (1) is used. . RI generator impedance RGEN. It is observed that for

• Particularly useful is the value of VGEN for which PINC each EM susceptibility threshold level that the PINC
— 1 Is’ which is given by vs. RCEN plot has a minimum PINC value, These mini-

mum PINC values are sumaarized in Table IV along with
VGEN — (8RGEN)0’5 (9) the corresponding RGEN values. Upon examining the

values given in Table IV, it is observed that for the
Equations (5) — (9) are used to assign values to the VOUT — 0.8 and VOUT — 2.0 V EM susceptibility threa—circuit parameters in the SPICE simulations, hold levels that the minimum PINC valuee are lower

than the PINC values at RGEN — 50 (2 by 2.5 and 6.0 dl
As in the previous section the situation being respectively. The SPICE simulation results clearly

simulated is the one in which both WAND sate innut. are indicate that the PINC values required to cause VOUT
high and the output is low in the absence of injected to exceed the highei threshold levels do depend upon
Rh’. The value for the resistor RLL is set equal to the impedance RCEN of the Thevenin equivalent PS
300 5~ which corresponds to a fanout F — 15. (The source. Experimental results fot values of RGEN other
results of the previous section indicate that the high— than 50 Cl to which the SPICE simulation results might
er fsnout value leads to EM susceptibility effects at be compared are not available. Nor are such experi—
slightly lower 1ff incident power levels than does a mental results easily obtained at UHF frequencies
low I snout value such as P 1.) The first step in the where most coaxial transmission line equipment has a
simulation procedure is to assign a value for the in— 50 (2 characteristic impedance. However, the SPICE
pe~iance RCEN of the Thevenin equivalent Rh’ source, simulation results with RCEN — 50 (1 can be compared to
The current generator ISCC is calculated using Eq. (8). experimental results obtained with RCEN 50 (1 • As
Next the voltage generator amplitude VGEN is swept shown in Table IV these results agree within 4 dB.
from 0.00 to (8RCEN)°5 in steps equal to (8RGEN)05 /lOO. The good agreem .nt obtained for the special case RGEN —

Recall from Eq. (9) that the maximum VCEW amplitude 50 Cl between simulated and experimental results gives
corresponds to PINC 1 V. The corresponding values us confidence that the simulation procedures developed
for the Rh’ incident power PINC are calculated using are reliable saG that these procedures can be extended
Eq. (1). Values for the HAND gate output voltage VOilE to the more general case where RGEN is not 50 0 - The
are plotted versus, values of PINC for each value of simulation results given in Fig. 8 and Table IV provide
RCEN r.’lected as shown in Fig. 7. Using the SPICE usable estimate of the minimum Rh’ incident power re—simulation renults shown in Fig. 7, the values of the quired to cause various EM susceptibility thresholdincident pcwer PINC that ceuse VOl.11’ to equal EM sus levels to be exceeded,ceptibility threshold levels equal to 0.4, 0.8, and
2.0 V were determined.

6$

—. — ~~~~~~~~ ~~• • •  - - -  - ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ -— -
~~~~~~~

-
~~~~~~~

-
~~~

‘- ~— ._~L , - -



-

~~

-

~~~~~~~~~

- • •—

~~~

-- 

~~~
•
~~

_ _ _
~ -c~

y —

~~~~~~
________  

- -  

TA~~~~ 

-

Rh’ P.rlu rb .d 7400 NANO Cats ~Mues of PINC Required to Cause VOW’ to Exceed
sstct ,, EM Susceptibility Threshold Levels for 7400 NAND Gates

• SF ~~~t.d els G~ps* 
__________________________________________________

- l+~h _______ ______

Fs,, ,,t — IS
V~ )T • Thr&iold

(Worst Case)
RGE$ ~ tue PINC PINC ~ IsI PINC ~MøA VOUT • .SV

Laysi forPINC atMimmum Mmila~ Wh nRGEN WonRGENO VOUT 20
PINC Wiul •lO f l  ‘ ‘lO flI

V SI dBm dBm dIm
‘PlO - 

_____________________________________________
0.4 50-200 -4 -4 -3U

+20 

power PINC in the range —4 to +4 dIm caused the three

z
0.8 200-1000 -0.5 +2 +6
2.0 500-1000 ‘ +4 +10 +13

‘Rsf (7),p14.
0-

aelecced EM susceptibility threshold levels to be ex-
ceeded. For the special case RCEN — 50 Cl the simula-
tion results and experimental results agreed within-

~~~, ~ ~ i~x 4 dl. (The predicted result. are more conservative
RGEN (~~f l~$) than the experimental results which is desirable in a

worst case analysis,) As stated previously the good
Fig. 8 Values of PINC required to cause VOU’F for a 7400 agreement obtained for this case makes us confident

NAN[) gate to exceed various EM susceptibility criteria that the simulation procedures are reliable and useful.
vs. the RF Thevenin source impedance RCEN.

V. Conclusion

It has been demonstrated that electronic circuit References

analysis programs such as SPICE can be used to predict
the effects of RET upon bipolar digital iC’s such as 1. C.E. Larson and J.t4. Roe, “A modified Ebers-Moll
7400 NAND gates. The most important requirement is a transistor model for RF interference analysis,”
good model for the bipolar transistor in which Rh’ is 12Z~ IEEE Electromagnetic Compatibi l ity  Sym~
injected. The modified Ebers—Moll model described in poSiulu Record , (prev ious paper) , Atlanta. Georgia ,
the previous paper is such a model. The procedures for June 20-22 , 1978.

using the modified Ebers—Moll model as an external mod-
el in the simulation program SPICE were described in 2. “Integrated Circuit Electromagnetic Susceptibility

Section II. No change in an existing SPICE computer Investigation-Phase IlL IC Susceptibility Hand-
code is required. In subsequent sections these pro— look-Draft 2,” Technical Report MDC 11669,
cedures were applied to determine the EM susceptibility McDonnellDouglas Astronautics Co., St. Louis, Mo .
of a 7400 HARD gate with both inputs high and the out— 63166, 3 June 3977. (AD—A043777)

put low (with no RET present) when RF power was inject-
ed into its output since previous investigations had 3. “Integrated Circuit Electromagnetic Susceptibility

5_7 Investigation-Phase III: Summary Report No. 2k”
indicated that this was the most susceptible case. Technical Report MDC E1668, McDonnell’llouglas
The simulations reported upon used standard SPICE mod— Astronautics Co., St. Louis, Mo. 63166, 3 June 1977.
els for all components in the 7400 HAND gate except for (AD—A043776)
the output transistor. The output transistor into 4. LW. Nagei and 0.0. Pederson, “SPICE: Simulation
which Rh’ was injected was modeled using the modified l rogrmm with Integrated Circuit Emphasis,” Tech-
Ebers-’Moll model. nical  Memorandum No. ERL-M382, E lectronics Research

Laboratory, Un ivers ity of Ca lifornia, Berkeley ,
The EM susceptibility of three types of HAND Calif. 94720, 12 April 1973.

gates was investigated. Experimentally determined
values were used for the Rh’ induced parameters in the s~ “Integrated Circui’ Electromagnetic Susceptibility
modified Ebers—Moll model. The SPICE simulations in— Investigation-Bimolar NAND Gate Study,,” Technical
dicated that the low power 74L00 series WAND gates are Report MDC E1123, McDonnell Douglas Astronautics
the most susceptible and that the high speed 741100 Co.. at. Louis, Mo. 63166, 26 July 1974. (AD—3002279L)
series HAND gates are the least susceptible. Varia-
tions in fanout cause less than a 2 dl variation in 6. “Integrated Circuit Electromagnetic Susceptibility

‘ the incident Rh’ power requtred to cause various EM Investigation-Phase i l l ,” Technical Report MDC
susceptibility threshold levels to be exceeded. To EIS13, McDonnell Douglas Astronautics Co., St.
summarize the SPICE simulation results: all three Louis, Mo. 63166, 4 June 1976. (AD-A030019)
types of the 7400 HAND gates will malfunction in most
ctrcutt applications at injected RI power levels in t,e 7, “Integrated Circuit Electromagnetic Susceptibility

• 
+6 to +16 dBm range. Investigation-Phase III: Summary Reoort No. 1,”

Technical Renort MDC 11514, McDonnell Douglas Astro—
A worst case analysts procedure also was des— nautics Co., St . Louis , Mo . 63166, 4 June 1976.

cribed . The procedure described is quite general in
that the impedance RCEN of the Thevenin equivalent RE 8. “Integrated Circuit Electromagnetic Suscootibility
source connected to the IC can be varied in a system— Investigation-Phase II,.’ Technical Report MDC
atic manner. This procedure is especially useful when 10883, McDonnell Douglas Astronautics Co., St. Louis,
the RCEN value is not known apriori. Values for the RE Mo. 63166, 24 August 1977.
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TABLE Al

DATA CARDS FOR A SPICE SIMU LATION
OF AN Rh’ PERTURBED 7400 NAND GATE 5WHICH DEPEND UPON THE VOLTAGE ACROSS

RSWEEP ALSO VARY5 THIS SIMULATES
VCC 9 0 ~~ ‘l A CHANGE IN INCIDENT Rh’ POWER .
VIN I 00C 4.25 ‘Otfl’PUT V O U T8 O PLOT D C O S
VC.EN 16 0 .T~~IP 20
~2~)DE 0 - NODE 20 * MOAC Rh’ MODIFIED EBERS-HOLL MODE!.
Rl 9 2 4.38K ‘MODEL Rh’-ESML X 8 5 20 16
R2 9 4 1.43K IAFIE V 8 12 12 13 0.956
R3 9 6 0.116K IARIC V 20 12 12 11 0.0956
R4501.06K RBB S I2 8O
RL 1 0 .2K RCSENSE 12 11 1
RLL 8 9 9.11K RESENSE 12 13 1
QT1321P4001 DC1 118MOD7
QT2 435M002 nIl 13 20fl0D8
QT3 6 4 7 MOD3 ‘MODEL M007 0 IS-200P
XT4 8 5 0 16 RF-EBML 

~MODEL MODB 0 IS-20PDIN 0 1 MOOS •RP INDUCED TERMS (ELEMENTS )
• D3 7 8 MOD6 RSWEEP 16 20 1

‘MODEL 14001 NPN .316 ,0024 68 IS-SE-13 RGC 8 10 190
‘MODEL t1002 NPN 19.8 .060 75 15~3842 RGE 14 20 180
-MODEL MOD3 NPN 17.2 .0*2 70 IS=8E-12 ISCC V 10 8 16 20 3. 79W
-MODEL MOD4 NPN 21.7 .106 80 15—21-li ISCE V 14 20 16 20 0.66714
‘MODEL 14005 0 RS—60 IS—1E-lO 0C2 11 10 14007
‘MODEL MOD6 0 RS—30 IS’SE-12 DE2 13 14 MOD8
DC it VGEN .2 20 .2 ‘FINIS
8Y CAUSING VGEN TO VARY ThE ‘ENDCURREN T GENERATORS ISCC AND ISCE
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